Objective: To investigate the prognostic significance of p16 in patients with hypopharyngeal squamous cell carcinoma (HPSCC) and to evaluate the relationship between p16 and human papillomavirus (HPV). Unlike in oropharyngeal SCC (OPSCC), the prognostic significance of p16 in HPSCC and its association with HPV is unclear.
I
NVESTIGATORS HAVE REPORTED the prognostic significance of multiple biomarkers on the outcomes of patients with head and neck squamous cell carcinoma (HNSCC). Human papillomavirus (HPV) and p16 have been shown to be of prognostic significance, particularly in oropharyngeal SCC (OPSCC). The presence of HPV has been found to be a strongly positive prognostic indicator in OPSCC. In a meta-analysis of 37 studies reporting on HPV status and outcome, patients with HPV-positive OPSCC had a 28% reduced risk of death compared with patients with HPV-negative OPSCC. 1 Human papillomavirus is also associated with improved response to induction chemotherapy and to chemoradiation. 2 A similar effect on prognosis has been found in OPSCC with p16, a cyclin-dependent kinase inhibitor, the expression of which in OPSCC has been significantly correlated with HPV status, 3 improved overall survival (OS), and locoregional control (LRC). [4] [5] [6] The expression of p16 has also been shown to be useful in predicting the need for postirradiation neck dissection in patients with OPSCC. 7 The difference between the response of HPV-positive and HPVnegative tumors is so significant that clinical trials are under way to determine if treatment of OPSCC can be altered based on HPV/p16 status.
In contrast to OPSCC, little is known about the significance of p16 and HPV in other tumor subsites in the head and neck. Specifically, it is unclear whether the correlations found in OPSCC can be extrapolated to hypopharyngeal SCC (HPSCC). To our knowledge, no studies have published the prognostic significance of p16 in HPSCC. The only published study that we know of on the prognostic signifi-cance of HPV in patients with HPSCC retrospectively analyzed 65 patients with hypopharyngeal or laryngeal SCC and found the presence of HPV to be associated with poorer outcomes, 8 which contradicts what is known about HPV in OPSCC. The present study evaluates patients with HPSCC treated with intensity-modulated radiation therapy (IMRT) to determine the correlation between p16 and HPV status and the prognostic significance of p16 expression for this anatomic subsite.
METHODS

PATIENTS
Data were retrospectively collected under a protocol approved by an institutional human investigations committee. Prior to treatment, patient care was discussed by members of a multidisciplinary head and neck cancer tumor board. All patients in this analysis were treated with definitive IMRT for histologically confirmed HPSCC between 2002 and 2011. Patients with a history of neck dissection or primary resection before irradiation, distant metastases at diagnosis, or absent biomarker data were excluded from the study. Twenty-nine patients were eligible by clinical criteria, but 2 had no biomarker data, leaving 27 patients available for analysis. Twenty-two patients were treated with chemotherapy and radiotherapy (81%), and 5 patients were treated with radiation alone (19%).
Of the 22 patients who received chemotherapy, 21 received induction chemotherapy and were treated with 1 to 4 cycles of induction chemotherapy as tolerated. Concurrent chemotherapy was delivered weekly.
The radiation dose to the primary tumor was 68 to 70 Gy in 34 to 35 fractions with the exception of 1 patient who failed to respond after a 50-Gy dose and underwent immediate surgical salvage. Doses of 68 to 70 Gy were delivered to the pathologic lymph nodes. Clinically uninvolved cervical lymph nodes were treated at doses up to 50 Gy. Regimens of IMRT were optimized so that at least 95.0% of the planned treatment volume received the prescribed dose.
Neck dissections were performed (1) on necks with stage N2b or higher nodal disease regardless of response to irradiation, and (2) on necks with apparent residual nodal disease on neck computed tomography imaging at 4 to 6 weeks after completion of radiation therapy. These were our institutional standards for neck dissection and were not part of a prospective protocol.
TISSUE MICROARRAY (TMA) AND IMMUNOHISTOCHEMICAL ANALYSIS
Archived formalin-fixed and paraffin-embedded pretreatment primary tumor biopsy specimens were available for 27 patients. A TMA was constructed using three 0.6-mm cores of tumor per case. Immunohistochemical analysis was performed using a Dako Autostainer with primary antibodies for p16 (BD Biosciences, catalog No. 550834; titration, 1:100; pressure retrieval). Automated in situ hybridization (ISH) for high-risk HPV was performed using the Ventana HR HPV III probe set. Results of p16 testing were considered positive if strong nuclear and cytoplasmic staining was present in more than 60% of tumor cells, as previously described. 3 The HPV ISH result was interpreted as positive in the presence of a punctate staining pattern of confluent groups of more than 20 cells.
STATISTICAL ANALYSIS
The following definitions were used for statistical analyses: overall survival (OS) was the time between the date of diagnosis and the date of death from any cause; locoregional control (LRC) was the time between the date of diagnosis and the date of first local or regional recurrence; disease-free survival (DFS) was the time between the date of diagnosis and the date of first disease recurrence or death from any cause; laryngoesophageal dysfunction-free survival (LEDFS) was the time between the date of diagnosis and the date of laryngectomy, death from any cause, or percutaneous endoscopic gastrostomy tube and/or tracheostomy dependence at 2 years of follow-up. 9 Patients who were living and were without evidence of recurrence at the time of analysis were censored at the date of last follow-up. Twosided t tests and Fisher exact tests were used to assess differences in patient and tumor characteristics. The log-rank test was used to compare Kaplan-Meier survival curves. P values of .05 or smaller were considered significant. SPSS software (version 19.0.0; SPSS Inc) and SAS software (version 9.2; SAS Institute Inc) were used for statistical calculations.
RESULTS
Characteristics of patients and their tumors are summarized in Table 1 . Eighteen of 27 tumors were p16-negative (67%), while 9 of 27 were p16-positive (33%). There were significantly more women in the p16-positive group than in the p16-negative group (33% vs 0%) (P=.03). Otherwise, there were no significant differences in cancer stage, tumor site or histologic findings, or patient age, smoking status, or alcohol use between patients with p16-positive and p16-negative tumors. Median follow-up for the entire cohort was 29.3 months (range, 2.6-95.6 months).
There was no statistically significant difference in mean OS (56.7 vs 58.7 months) (P =.88), mean LRC (65.3 vs 76.8 months) (P=.52), mean DFS (45.8 vs 54.2 months) (P=.60), or mean LEDFS (53.1 vs 54.5 months) (P=.97) for patients with p16-positive vs p16-negative tumors (Figure 1) . Of the 11 patients in the database who died during follow-up, 5 died without any evidence of recurrence. Five patients had a recurrence at the primary site (19%) (3 were p16-negative; 2 were p16-positive); 2 of these underwent salvage laryngectomy (1 was p16-positive; 1 was p16-negative); and the remaining 3 did not undergo surgery owing to medical comorbidities or death shortly after radiation therapy. As seen in Table 2 and Figure 2 , only T stage was significantly predictive of OS, LRC, DFS, and LEDFS. Overall stage group, N stage, and p16 status were not significant predictors of OS, LRC, DFS, or LEDFS.
Six of the p16-positive tumors had enough tissue to perform ISH for HPV, and only 1 of those tumors was HPV-positive. All 13 of the p16-negative tumors with tissue available for ISH were found to be HPV-negative. Thus, 1 of 19 tumors with tissue available for ISH was HPVpositive, giving an overall HPV positivity rate of 5.3% (95% CI, 0.1%-26.0%). The only patient with an HPVpositive tumor was alive at last follow-up with no evidence of recurrence after 85.0 months.
As seen in Table 3 , when p16 was used as a test for HPV, p16 had a sensitivity of 100%, a specificity of 72%, a positive predictive value of 17%, and a negative predictive value of 100%.
COMMENT
In the present study, we investigated the correlation between p16 and HPV and the prognostic significance of p16 in patients with HPSCC who were treated with definitive IMRT. Our results are in stark contrast to what is known about p16 and HPV in OPSCC.
Over 86% of HPV-positive OPSCC tumors have been found to overexpress p16, while only 3% of HPV-negative OPSCC tumors overexpress p16. 3 The correlation between p16 and HPV in OPSCC has been so close that p16 has been used as a surrogate immunohistochemical marker for HPV. 5, 10 The expression of p16, or lack thereof, has been found to be a superior prognostic biomarker for OPSCC. 10 Our institutional experience has been similar; our research group previously reported an approximately 25% improvement in outcomes for p16-positive vs p16-negative OPSCC tumors. 4 Compared with patients with p16-negative tumors, patients with p16-positive tumors had a significantly improved 3-year locoregional progressionfree survival (97.8% vs 73.5%) (P=.006) and 3-year DFS (88.2% vs 61.4%) (P=.004). 4 In addition, when patients with OPSCC treated with definitive radiation therapy underwent postradiation neck dissection, patients with p16-positive tumors were significantly less likely to have residual viable tumor (18% vs 50% for p16-negative tumors) (P=.02), regardless of appearance on imaging. 7 The prognostic significance of HPV in subsites outside of the oropharynx is unclear. While data from multiple studies indicate that HPV-associated tumors account for 38% to 64% of OPSCC, 1,2,4,5,11,12 a far lower percentage (13%-29%) of HPSCCs are reported to be HPVpositive. 1, 12, 13 It is difficult to interpret the prognostic significance of HPV in the studies that have included primary tumors at multiple head and neck subsites and patients treated with various combinations of surgery, radiation, and/or chemoradiation. The retrospective study by Clayman et al 8 of 65 patients with laryngeal and hypopharyngeal carcinoma was derived from a database of patients who were treated with surgery alone, radiotherapy alone, or a combination of surgery and postoperative irradiation. They reported an HPV prevalence of 46% for the entire cohort and found HPV to be a negative prognostic indicator for LRC and OS. Of note, there were only 6 HPSCCs in their study population, and all 6 were reported to be HPV-positive (100%). 8 In contrast, we found a low rate (5%) of HPVassociated hypopharyngeal cancers, similar to subset analyses from other series that have reported HPVpositive rates of 13% to 29% in the hypopharynx. 12, 13 There were insufficient patients with HPV-positive tumors in our series to comment on the prognostic significance of HPV. Thus, while most evidence suggests that there is a low prevalence of HPV, the true prevalence and prognostic significance of HPV in HPSCC remain unclear. One potential anatomic mechanism of HPV association with HPSCC could be tumor initiation in the lymphoid tissue of the inferior pole of a tonsil followed by tumor progression inferiorly along the lateral pharyngeal wall into the hypopharynx.
In the present analysis, 9 of 27 patients had p16-positive tumors (33%), which is consistent with subset analyses from other series that demonstrated p16-positive rates in the hypopharynx of 11% to 28%. 14, 15 Most importantly, in contrast to OPSCC, patients with p16-positive HPSCC did not have better outcomes than patients with p16-negative tumors. We did find T stage to be predictive of recurrence and survival, which is consistent with other studies. 16, 17 When used as a test for HPV in the oropharynx, p16 has a sensitivity of nearly 100% and a specificity of approximately 79%. 18 As seen in Table 3 , in the present series we found p16 to have a sensitivity of 100% and a specificity of 72% when used as a test for HPV in the hypopharynx. Though p16 has a similar sensitivity and specificity in our series to that of the oropharynx, the prevalence of HPV in the hypopharynx (5%) in our se- ries is much lower than the HPV prevalence in the oropharynx, resulting in a very low positive predictive value (17%); only 17% of the samples that were p16-positive were also HPV-positive. Despite the possibility that HPV may confer a better prognosis, its lack of correlation with p16 expression at this subsite precludes the use of p16 as an effective prognostic biomarker in patients with HPSCC. In addition, there were insufficient nonsmokers in this database to comment on the relationship between HPV and HPSCC in the absence of significant tobacco smoke exposure.
The local control rate in this series was 81%, and only 2 of 27 patients underwent salvage laryngectomy (7%). The 3-year LEDFS for the cohort was 61.3%, indicating that the chemo-IMRT regimen used at our institution is relatively successful at organ sparing. There was no significant difference in the laryngectomy rates between patients with p16-positive and p16-negative tumors.
The primary limitations of this study are the retrospective approach, the small sample size, and the limited availability of biomarker data. Thus, it is possible that p16 could have a small effect on prognosis in HPSCC, but our sample size was not large enough to detect a difference. However, all patients in the cohort had biopsyproven HPSCC and were treated with definitive irradiation or chemoradiation, providing a fairly uniform study population.
Clearly, there is a lack of information regarding the prognostic significance of p16 and HPV in head and neck subsites other than the oropharynx. It is clear from the present study that it cannot be assumed that the favorable prognostic significance of HPV and p16 that has been demonstrated for patients with OPSCC will hold at other subsites. For patients with HPSCC, p16 is not a useful biomarker, and, while HPV status may still be of prognostic value, few patients with HPSCC appear to have HPV-associated tumors.
In conclusion, in contrast to OPSCC, p16 expression in patients with HPSCC had a low positive-predictive value for HPV and did not predict improved OS, LRC, DFS, or LEDFS. Thus, for HPSCC, p16 is not a prognostic biomarker. Caution must be taken when extrapolating the prognostic significance of p16 expression in patients with OPSCC to patients with head and neck SCC of other mucosal subsites with low HPV infection rates. 
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